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(54) ELECTROLYTE FOR LITHIUM BATTERY 

(57)Abstract 

PROBLEM TO BE SOLVED: To provide an organic solvent electrolyte 
having self-extinguishing capability by dissolving a lithium salt of 
solute in a mixed solvent containing a cyclic phosphate and a cyclic " 
carbonate in the specified ratio. 

SOLUTION: As a lithium salt used as a solute. LiPF6, or the like is 
listed. The concentration of the lithium salt is 0.1-1.5 mole/1. The 
mixed solvent contains 20-55 vol.% of cyclic phosphate represented 
by the formula and 10-80 vol.56 of cyclic carbonate. In the formula, R1 
represents a 2-8C alkylene group. R2 represents a 1 -4C alkyi group. 
The cyclic phosphate has self-extinguishing capability, and its 
capability is increased with decrease in the number of carbon atoms 
and the content of hydrogen. Preferably, methyl ethylene phosphate, 
ethylene phosphate, and the like are listed. As the cyclic carbonate, 
ethylene carbonate, propylene carbonate, and the like are listed. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim ^1] Annular phosphoric ester shown by the (a) formula (1) in the lithium salt of a solute. [Formula 1] 
R 

^ \ 

0 o 

\ / (1) 

0 O R 2 

R1 expresses the alkylene machine of carbon numbers 2-8 among [formula, and R2 expresses the alkyi group of 
carbon numbers 1-4. ] • , 

Capacity [ 20 to 55 ] %, and (b) annular carbonate: The electrolytic solution for lithium celts which dissolved in the 
mixed solvent containing 1 0 - 80 capacity %. 

[Claim 2] Decomposition liquid for lithium cells according to claim 1 whose annular carbonate (b) is the compound 
chosen from the ethylene carbonate and the propylene carbonate. 

[Claim 3] The electrolytic solution for lithium cells according to claim 1 whose annular phosphoric ester (a) shown by 
the formula (1) is the compound chosen from a phosphoric-acid methyl ethylene and phosphoric-acid ethyl ethylene. 
LCIaim 4J a mixed solvent — (— a ) — a formula — (— one — ) — being shown — having — annular ~ phosphoric 

ester 20 — - — 55 — capacity — % — ( — b — ) — annular — a carbonate ~ 30 75 — capacity ~ % — 

and ( c — ) — one — two dimethoxyethane — and — a dimethyl carbonate — choosing — having had 

a compound — five 15 — capacity — % — mixture — it 

[Claim 5] the lithium salt of a solute — LiPF6 it is — the electrolytic solution for lithium cells according to claim 1 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original precisely. 

2. 4t«3Me shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention has self-extinguishing and relates to the electrolytic 

solution for lithium cells excellent in safety. 

[0002] 

[Description of the Prior Art] In recent years, the lithium cell using the organic-solvent electrolytic solution is widely 
used as a power supply of high-energy density with the miniaturization of electronic equipment, and carrying-izing. 
This organic-solvent electrolytic solution is a low viscosity solvent to an ethylene carbonate, a propylene carbonate, 
gamma-butyrolactone, etc. as a high dielectric constant solvent the solvent which mixed dimethyl-carbonate, 
ethyl-carbonate methyl, diethyl carbonate. 1, and 2-dimethoxyethane etc. — a solute (electrolyte) LiPF6, LiBF4, 
. LiGF3 SOS, and UN (CF3 S02)2 etc — what mixed lithium salt is used 
[0003] ■ • 

[Problem(s) to be Solved by the Invention] The solvent currently used for such the electrolytic solution is an 
inflammable inflammable high solvent, and when the electrolytic solution spills liquid by the pressure buildup inside a 
cell, or mechanical destruction of a cell, it has the danger of carrying out ignition combustion. Moreover, development 
of the object for power storage or the large-sized cell for electric vehicles is also furthered, and the safe disposition 
top, such as flameproofing of the electrolytic solution, is called for. this invention solves the above technical problem 
and aims at offer of the organic-solvent electrolytic solution which has self-extinguishing. 
[0004] 

[Means for Solving the Problem] this invention is cyclic-phosphoric-acid ester shown by the (a) formula (1) in Jithium 
salt as a solute. [0005] 
[Formula 2] 

/ \ 
0 O 

^ ( 1 ) 

of ^0R2 

[0006] R1 expresses the alkylene machine of carbon numbers 2-8 among [formula, and R2 expresses the alkyi group 
of carbon numbers 1 -4. ] 

The electrolytic solution for lithium cells which dissolved in the mixed solvent containing 20 to 55 capacity %, and the 

(b) annular carbonate 10-80 capacity % is offered. 

[0007] 

[Function] Cyclic-phosphoric-acid ester has self^extinguishing. and gives self-extinguishing to the electrolytic 

solution for lithium cells by making the electrolytic solution contain. 

[0008] 

[Embodiments of the Invention] 

Lithium salt as a solute: As the electrolyte used for the electrolytic solution of this invention LiPF6, LiBF4, LiCI04, 

LiAsF6. and LiSbF6. UCF3 S03, LiN (CF3 S02)2. and UN (CF3 CF2 S02)2, UN (CF3 S02) (CF3 3 (CF2) S02), UN 

(CF3 3 (CF2) S02)2. UC (CFG S02)3, and UC (CF3 CF2 S02)3 etc. — lithium salt can be used The lithium salt 

concentration in the electrolytic solution can be used by the 0.1-1.5 mols [/I. ] density range. 

[0009] Mixed solvent: It is cyclic-phosphoric-acid ester shown by the (a) formula (1) as a solvent in this invention. 

[0010] 

[Formula 3] 

y \ 

o o 

\ / (n 

O 0R2 

[001 1] R1 expresses the alkylene machine of carbon numbers 2-8 among [formula, and R2 expresses the alkyI group 
of carbon numbers 1-4. ] 

The mixed solvent containing 20 to 55 capacity %. and the (b) annular carbonate 10-80 capacity % is used, 
(a) Cyclic-phosphoric-acid ester : an autolysis-slaking operation of cyclic-phosphoric-acid ester (a) is the alkylene 
machine Rl, so that there are few the carbon and the hydrogen contents in cyclic-phosphoric-acid ester. And alkyl 
group R2 It is so large that it is small. Therefore, alkylene machine Rl 2-8 pieces are desirable and a carbon number 
is an alkyl group R2. 1-4 pieces of a carbon number are desirable. Alkylene machine Rl If it carries out, an ethylene, a 
propylene machine, a trimethylene machine, a butylene machine, an isobutylene machine, a tetramethylen machine, a 
pentam ethylene machine, a trimethylethylene machine, a hexamethylene machine, a tetramethyl ethylene, a 
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heptamethylene machine, an octamethylene machine, etc. are mentioned. Moreover, alkyi group R2 If it carries out, a 
methyl group, an ethyl group, n-propyl group, an isopropyl machine, n-butyl, a sec-butyl, t-butyl, an isobutyt machine, 
etc. are mentioned. 

[001 2] As an example of cycllc-phosphoric-acid ester (a), it is a phosphoric-acid ethylene methyl. Phosphoric-acid 
ethylene ethyl, a phosphoric-acid ethylene-n-propyl, a phosphoric-acid ethylene isopropyl. Phosphoric-acid 
ethylene-n-butyl, phosphoric-acid ethylene-sec-butyl, phosphoric-acid ethylene-t-butyl, A phosphoric-acid 
propylene methyl, phosphoric-acid propylene ethyl, a phosphoric-acid propylene-n~propyl, A phosphoric-acid 
propylene Isopropyl, phosphoric-acid propylene-n-butyt, phosphoric-acid propylene-sec-butyl, Phosphoric-acid 
propylene-t-butyl, a phosphoric-acid trimethylene methyl, phosphoric-acid trimethylene ethyl, A phosphoric-acid 
trimethylene-n-propyl, a phosphoric-acid trimethylene isopropyl. Phosphoric-acid trimethylene-n-butyl. 
phosphoric-acid trimethylene-sec-butyl. Phosphoric-acid trimethylene-t-butyl, a phosphoric-acid butylene methyl, 
phosphoric-acid butylene ethyl, A phosphoric-acid butylene-n-propyl, a phosphoric-acid butylene Isopropyl, 
phosphoric-acid butylene-n-butyl. Phosphoric-acid butylene-sec-butyl, phosphoric-acid butylene-t-butyl, A 
phosphoric-acid isobutylene methyl, phosphoric-acid isobutylene ethyl, a phosphoric-acid i so butylene-n-propyl, A 
phosphoric-acid Isobutylene isopropyl, phosphoric-acid isobutylene-n-butyl. Phosphoric-acid isobutylene-sec-butyl. 
phosphoric-acid isobutylene-t-butyl. Phosphoric-acid tetramethylen memory, phosphoric-acid tetramethylen ethyl, a 
phosphoric-acid tetramethylen-n-propyl, A phosphoric-acid tetramethylen isopropyl. phosphoric-acid 
tetramethylen-n-butyl. Phosphoric-acid tetramethylen-sec-butyl, phosphoric-acid tetramethylen-t-butyl, A 
phosphoric-acid pentam ethylene methyl, phosphoric-acid pentamethylene ethyl, a phosphoric-acid 
pentamethylene-n-propyl. A phosphoric-acid pentamethylene isopropyl, phosphoric-acid pentam ethyl ene-n-buty I, 
Phosphoric-acid pentamethylene-sec-butyl, phosphoric-acid pentamethylene-t-butyl, A phosphoric-acid 
trimethylethylene methyl, phosphoric-acid trimethylethylene ethyl. A phosphoric-acid trimethylethylene-n-propyi, a 
phosphoric-acid trimethylethylene isopropyl. Phosphoric-acid trimethylethylene— n-butyl, phosphoric-acid 
trimethylethylene-sec-butyl, Phosphonc-acid trimethylisthylene-t-butyl, a phosplhoric-acid hexamethylene methyl. 
Phosphoric-acid hexamethylene ethyl, a phoisphoric-acid hexamethylene-n-propyl, A phosphoric-acid hexamethylene 
isopropyl. phosphoric-acid hexamethylene-n-butyl. Phosphoric-acid hexamethylene-sec-butyl, phosphoric-acid 
hexamethylene-t-butyl, A phosphoric-acid tetramethyl ethylene methyl, phosphoric-acid tetramethyl ethylene ethyl. 
A phosphoric-acid tetramethyl ethylene-n-propyl, a phosphoric-acid tetramethyl ethylene isopropyl, Phosphoric-acid 
tetramethyl ethylene-n-butyl, phosphoric-acid tetramethyl ethylene-sec-butyl. Phosphoric-acid tetramethyl 
ethylene-t-butyl. a phosphoric-acid heptamethylene methyl. Phosphoric-acid heptamethylene ethyl, a 
phosphoric-acid heptamethylene-n-propyl. A phosphoric-acid heptamethylene Isopropyl, phosphoric-acid 
heptamethylene-n-butyl. Phosphoric-acid heptamethylene-sec-butyl, phosphoric-acid heptam ethylene-t-butyl. A 
phosphoric-acid octamethylene methyl, phosphoric-acid octamethylene ethyl, a phosphoric-acid 
octamethylene-n-propyl, A phosphoric-acid octamethylene Isopropyl, phosphoric-acid octamethylene n-butyl, 
phosphoric-acid octamethylene-sec-butyl, phosphoric-acid octamethylene-t-butyl, etc. are mentioned. These are 
independent or two or more sorts can be mixed and they can be used. 

[0013] (b) Annular carbonate : as an annular carisonate. an ethylene carbonate, a propylene carbonate, a carbonic acid 
butylene, a carbonic acid isobutylene, carbonic acid trimethylene. a carbonic acid trimethylethylene, carbonic acid 
tetramethyl ethylene, dimethyl— carbonate trimethylene. etc. are mentioned. These are independent, or two or more 
sorts can be mixed and they can be used. 

[0014] (c) Other solvents : out of using annular phosphoric ester (a) and an annular carbonate (b) as a mixed solvent, 
yojj may mix and use solvents other than annular phosphoric ester and an annular carbonate (c) for the Improvement 
In electric conductivity of the electrolytic solution, solvent 5-15 capacity % In this case, as for the amount of annular 
phosphoric ester, 20 to 55 capacity % and 30 to annular carbonate 75 capacity X, and (c) others should Just be 
contained. By making it such a range, electric conductivity is high and can obtain the electrolytic solution for lithium 
cells which was excellent in self-extinguishing. 

[0015] As solvents other than annular phosphoric ester and an annular carbonate A dimethyl carbonate, an 
ethyl-carbonate methyl, diethyl carbonate, a carbonic acid di propyl. A carbonic acid diisopropyl. carbonic acid 
methylpropyl, a methyl carbonate isopropyl. Chain-like carbonates, such as an ethyl-carbonate propyl and an 
ethyl-carbonate isopropyl 1 , 2-dimethoxyethane. 1 , 2-diethoxy ethane, 1 -ethoxy-2-methoxyethane, Chain-like ether, 
such as 1. 2-dipropoxy ethane, 1. 2-JIISO propoxy ethane, 1, and 2-dibutoxy ethane. A tetrahydrofuran, a methyl 
tetrahydrofuran, a tetrahydropyran, Cyclic ether, such as a methyl tetrahydropyran and a dioxane. methyl acetate. 
Ethyl acetate, propyl acetate, a methyl propionate, an ethyl propionate, Carboxylates, such as gamma-butyrolactone, 
beta-butyrolactone. delta-valerolactone, and gamma-valerolactone Amides, such as a dimethylformamide and a 
dimethylacetamide, a sulfurous-acid dimethyl. Sulfites, such as a sulfurous-acid diethyl, sulfurous-acid ethylene, and a 
sulfurous-acid propylene Sulfates, such as a dimethyl sulfate, a diethyl sulfate, sulfitric-acld ethylene, and a 
sulfuric-acid propylene. It is independent, or two or more sorts can be mixed and nitril, such as sulfones, such as 
sulfoxides, such as dimethyl sulfoxide and a diethyl sulfoxide, a dimethyl sulfone. a diethyl sulfone, and a sulfolane, an 
acetonitrile, and a propionitrile. can also be used. 1 , 2-dimethoxyethane. and a dimethyl carbonate are desirable also in 
these. 
[0016] 

[Example] Hereafter, an example explains this invention in detail. In addition, evaluation is based on the following 
method. 

10 minutes or more were dipped in the beaker Into which the electrolytic solution went the glass fiber filter paper of 
the shape of a strip of paper with self-extinguishing evaluation of the electrolytic solution and electric conductivity 
measurement width of face of 15mm, a length [ of 300mm ], and a thickness of 0.19mm. Except for the superfluous 
electrolytic solution, the end of a glass fiber filter paper was gathered with a clip from the glass fiber filter paper on 
the edge of a beaker, and it hung to the perpendicular. Time until it lights and carries out autolysis slaking to this soffit 
with a writer was measured. Moreover, about the electric conductivity (25 degrees C) of the electrolytic solution, it 
measured using the electric conductivity meter. 

[0017] LiPF6 of the amount which serves as concentration of 1,0 mols/l. at the mixed solvent which made each 
capacity % of example 1 ethylene carbonate (EC), 1 , 2-dimethoxyethane (DME), and a phosphoric-acid methyl 
ethylene (MEP) 40 capacity %. ten capacity %. and 50 capacity % Self-extinguishing and electric conductivity were 
measured about the electrolytic solution which dissolved. A result is shown in Table 1. 
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[0018] L1PF6 of the amount which serves as concentration of 1.0 mols/l. at the mixed solvent which made capacity % 
of example 2EC. and OME and MEP 60 capacity %. ten capacity and 30 capacity % Self-extinguishing and electric 
conductivity were measured about the electrolytic solution which dissolved. A result is shown in Table 1 
[0019] LiPF6 of the amount which serves as concentraton of 1.0 mols/l. at the mixed solvent which made capacity % 
of example of comparison 1EC. and DME and MEP 80 capacity %, ten capacity %. and ten capacity % Self-extinguishing 
ri!J?oni conductivity were measured about the electrolytic solution which dissolved. A result is shown in Table 1 
L0020J the example 2 of companson — UPF6 of the amount which serves as concentration of 1.0 mols/l at the mixed ' 
solvent which made capacity % of EC and DME 90 capacity % and ten capacity % Self-extinguishing and electric 
C002lT^'^'^ were measured about the electrolytic solution which dissolved. A result is shown in Table 1. 
[Table 1] 
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EC : X^U>357-:Jf:^- h 

DME : 1,2'-:^/ h4^S/i^> 
MEP : U >Sr^5^yl.i^U> 

[0022] LiPFS of the amount which serves as concentration of 1 .0 mols/l. at the mixed solvent which made example 
3Ea a dimethyl carbonate (DMC). and capacity % of MEP 40 capacity 96. ten capacity %, and 50 capacity % 
Self-extinguishing and electric conductivity were measured about the electrolytic solution which dissolved. A result is 
shown in Table 2. 

[0023] LiPF6 of the amount which serves as concentration of 1.0 mols/l. at the mixed solvent which made capacity % 
of example 4EC. and DMC and MEP 60 capacity %, ten capacity %. and 30 capacity % Self-extinguishing and electric 
rnnoAlt^^a'^V^ "measured about the electrolytic solution which dissolved. A result is shown in Table 2 
L00Z4J L1PF6 of the amount which serves as concentration of 1.0 mols/l. at the mixed solvent which made capacity % 
of example of companson 3EC. and DME and MEP 80 capacity %. ten capacity %. and ten capacity % Self-extinguishing 
f^noci fu"*^ conductivity were measured about the electrolytic solution which dissolved. A result is shown in Table 2. 
LOU^&J the example 4 of comparison — UPF6 of the amount which serves as concentration of 1.0 mols/l. at the mixed 
solvent which made capacity % of EC and DMC 90 capacity % and ten capacity % Self-extinguishing and electric 
^026]° ^^''^ measured about the electrolytic solution which dissolved. A result is shown in Table 2. 
[Table 2] 
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EC : J.^u>*-.<K**- h 

DMC z&tmi^ji^Jl 

MEP : g >Bljf f-yi/x^U> 

'"°^^7J LiPFG of the amount which serves as concentration of 1.0 mols/l. at example SEC. a propylene carbonate (PC) 
and the mixed solvent that made capacity % of MEP 40 capacity %, ten capacity %. and 50 capacity % 
belf-extinguishing and electric conductivity were measured about the electrolytic solution which dissolved. A result is 
snown in Table 3. 

[0028] LiPFG of the amount which serves as concentration of 1.0 mols/l. at the mixed solvent which made capacity % 
Zs^A^"l^ t ' ^""^ ^""^ ®° capacity %, ten capacity %. and 30 capacity % Self-extinguishing and electric 
?nnooi'}^^D%'^V\"'^^^'"'^'^ electrolytic solution which dissolved. A result is shown in Table 3 

LUUi^aj UPF6 of the amount which serves as concentration of 1.0 mols/l. at the mixed solvent which made capacity % 



2003/09/08 10:17 



http://www4jpdljpo.gojp/cgi-bin/tran_web_cgi.ejie 



of example of comparison SEC. and PC and MEP 80 capacity %, ten capacity %, and ten capacity % Self^extinguishing 
and electric conductivity were measured about the electrolytic solution which dissolved. A result is shown in Table 3 
[0030] the example 6 of comparison — LiPF6 of the amount which serves as concentration of 1 .0 mols/l. at the mixed 
solvent which made capacity % of EC and PC 90 capacity % and ten capacity % Self-extinguishing and electric 
conductivity were measured about the electrolytic solution which dissolved. A result is shown in Table 3 
[0031] 
[Table 3] 
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EC '.^f-i^yii-^^-h 

MEP : y >a>5^;Uj.^U> 

[0032] an example 7 — LiPF6 of the amount which serves as concentration of 1.0 mols/l. at the mixed solvent which 
made each capacity % of EC. DME, and phosphoric-acid ethyl ethylene (EEP) 40 capacity %, ten capacity %, and 50 
capacity % Self-extinguishing and electric conductivity were measured about the electrolytic solution which dissolved 
A result is shown in Table 4. 

[0033] LiPE6 of the amount which sen/es as concentration of 1 .0 mols/l. at the mixed solvent which made capacity % 
of example SEC, and DME and EEP 60 capacity %. ten capacity %, and 30 capacity % Self-extinguishing and electric 
conductivity were measured about the electrolytic solution which dissolved. A result is shown in Table 4. 
[0034] LiPF6 of the amount which sen/es as concentration of 1 .0 mols/l. at the mixed solvent which made capacity % 
of example of comparison 7EC, and DME and EEP 80 capacity ten capacity %, and ten capacity % Self-extinguishing 
and electnc conductivity were measured about the electrolytic solution which dissolved. A result is shown in Table 4. 
LuUooJ 
[Table 4] 

ig=T>oooa» — — 



[0036] 

[Effect of the Invention] As for the electrolytic solution, self-extinguishing is given by making the 
cyclic-phosphoric-acid ester which has self-extinguishing contain in the electrolytic solution. In the case of 
electrolytic-solution disclosure, danger of the lithium cell using this electrolytic solution, such as ignition destruction 
by fire, disappears, and its safety improves. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 . This document has been translated by computer.So the translation may not reflect the original precisely. 

2. ^*)K shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



TECHNICAL FIELD - 

[The technical field to which invention belongs] this invention has self-extinguishing and relates to the electrolytic 
solution for lithium cells excellent in safety. 



[Translation done.] 
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Japan Patent Office is not responsible for any 
danages caused by the use of this translation. 

1 . This document has been translated by computer.So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
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PRIOR ART 



[Description of the Prior Art] In recent years, the lithium cell using the organic-solvent electrolytic solution is widely 
used as a power supply of high-energy density with the miniaturization of electronic equipment and carrying-izing. 
This organic-solvent electrolytic solution is a low viscosity solvent to an ethylene carbonate, a propylene carbonate, 
gamma-butyrolactone, etc. as a high dielectric constant solvent, the solvent which mixed dimethyl-carbonate, 
ethyl-carbonate methyl, diethyl carbonate. 1. and 2-dimethoxyethane etc. — a solute (electrolyte) LiPF6. LiBF4, 
LiCF3 SOS, and UN (CF3 S02)2 etc. — what mixed lithium salt is used 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original precisely. 

2. shows the word which can not be translated. 
3Jn the drawings, any words are not translated. 



EFFECT OF THE INVENTION 



[Effect of the Invention] As for the electrolytic solution, self-extinguishing is given by making the annular phosphoric 
ester which has seif-extinguishing contain in the electrolytic solution. In the case of electrolytic-solution disclosure, 
danger of the lithium cell using this electrolytic solution, such as ignition destruction by fire, disappears, and its safety 
improves. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. >MnME shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] The solvent currently used for such the electrolytic solution is an 
inflammable inflammable high solvent and when the electrolytic solution spills liquid by the pressure buildup inside a 
cell, or mechanical destruction of a cell, it has the danger of can-ytng out ignition combustion. Moreover, development 
of the object for power storage or the large-sized cell for electric vehicles is also furthered, and the safe disposition 
top, such as flameproofing of the electrolytic solution, is called for. this invention solves the above technical problem 
and aims at offer of the organic-solvent electrolytic solution which has self-extinguishing. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original precisely. 
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MEANS 

[Means for Solving the Problem] this invention is annular phosphoric ester shown by the (a) formula (1) in lithium salt 
as a solute. [0005] 
[Formula 2] 

y \ 

o o 

(1) 

[0006] R1 expresses the alkylene machine of carbon numbers 2-8 among [formula, and R2 expresses the alky! group 
of carbon numbers 1 -4. ] 

The electrolytic solution for lithium cells~which dissolved in the mixed solvent containing 20 to 55 capacity %, and the 
(b) annular carbonate 1 0 - 80 capacity % is offered. 



. [Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1 n the drawings, any words are not translated. 



OPERATION 



[Function] Cyclic-phosphoric-acid ester has self-extinguishing, and gives self-extinguishing to the electrolytic 

solution for lithium cells by making the electrolytic solution contain. 

[0008] 

[Embodiments of the Invention] 

Lithium salt as a solute: As the electrolyte used for the electrolytic solution of this invention LiPF6. UBF4 LiCI04 

LiAsF6 and LiSbF6, LiOF3 S03, UN (CF3 S02)2, and UN (CF3 GF2 S02)2. UN (CF3 S02) (CF3 3 (CF2) 502) UN 

(CF3 3 (CF2) 302)2. UC (CF3 S02)3, and UC (CF3 CF2 S02)3 etc. — lithium salt can be used The lithium salt 

concentration in the electrolytic solution can be used by the 0.1-1.5 mols [/I. ] density range. 

[0009] Mixed solvent It is cyclic-phosphoric-acid ester shown by the (a) formula (1) as a solvent in this invention. 

[0010] 

[Formula 3] 

R-» - •• •■■ ■ /■ - ; 

^ \ . - . ■ 

o o ' 
(1) 

. 0 0R2 

[001 1] R1 expresses the alkylene machine of carbon numbers 2-8 among [formula, and R2 expresses the alkyl group 
of carbon numbers 1 -4. ] 

The mixed solvent containing 20 to 55 capacity %. and the (b) annular carbonate 10-80 capacity X is used, 
(a) Cyclic-phosphoric-acid ester : an autoly sis-slaking operation of cyclic-phosphoric-acid ester (a) is the alkylene 
machine R1, so that there are few the carbon and the hydrogen contents in cyclic-phosphoric-acid ester. And alkyl 
group R2 It is so large that it is small. Therefore, alkylene machine R1 2-8 pieces are desirable and a carbon number 
IS an alkyl group R2. 1-4 pieces of a carbon number are desirable. Alkylene machine R1 If It carries out, an ethylene, a 
propylene machine, a trimethylene machine, a butylene machine, an isobutylene machine, a tetramethylen machine, a 
pentamethylene machine, a trimethylethylene machine, a hexamethylene machine, a tetramethyl ethylene, a 
heptamethylene machine, an octamethylene machine, etc. are mentioned. Moreover, alkyl group R2 If it carries out a 
methyl group, an ethyl group, n-propyf group, an isopropyl machine, n-butyl. a sec-butyl, t-butyl. an isobutyl machine, 
etc. are mentioned. 

[0012] As an example of cyclic-phosphoric-acid ester (a), it is a phosphoric-acid ethylene methyl. Phosphoric-acid 
ethylene ethyl, a phosphoric-acid ethylene-n-propyl, a phosphoric-acid ethylene Isopropyl. Phosphoric-acid 
ethylene-n-butyl, phosphoric-acid ethylene-sec-butyl, phosphoric-acid ethylene-t-butyl. A phosphoric-acid 
propylene methyl, phosphoric-acid propylene ethyl, a phosphoric-acid propylene-n-propyl, A phosphoric-acid 
propylene isopropyl. phosphoric-acid propylene-n-butyl. phosphoric-acid propylene-sec-butyl. Phosphoric-acid 
propylene-t-butyl. a phosphoric-acid trimethylene methyl, phosphoric-acid trimethylene ethyl, A phosphoric-acid 
trimethylene-n-propyl, a phosphoric-acid trimethylene isopropyl, Phosphoric-acid trimethylene-n-butyl. 
phosphoric-acid trim ethylene-sec-butyl. Phosphoric-acid trimethylene-t-butyl. a phosphoric-acid butylene methyl, 
phosphoric-acid butylene ethyl, A phosphoric-acid butylene-n-propyl. a phosphoric-acid butylene isopropyl, 
phosphoric-acid lautylene-n-butyl, Phosphoric-acid butylene-sec-butyl, phosphoric-acid butylene-t-butyl, A 
phosphoric-acid isobutylene methyl, phosphoric-acid isobutylene ethyl, a phosphoric-acid Isobutyl ene-n^jropy I, A 
phosphoric-acid isobutylene isopropyl, phosphoric-acid Isobutylene-n-butyl. Phosphoric-acid Isobutylene-sec-butyl. 
phosphoric^acid i so butylene-t-butyl. Phosphoric-acid tetramethylen memory, phosphoric-acid tetramethylen ethyl, a 
phosphoric-acid tetramethylen-n-propyl, A phosphoric-acid tetramethylen Isopropyl, phosphoric-acid 
tetramethyl en-n-butyl, Phosphoric-acid tetramethylen-sec-bujyl, phosphoric-acid tetramethylen-t-butyl, A 
phosphoric-acid pentamethylene methyl, phosphoric-acid pentamethylene ethyl, a phosphoric-acid 
pentamethylene-n-propyl; A phosphoric-acid pentamethylene isopropyl. phosphoric-acid pentam ethylene-n-butyl. 
Phosphoric-acid pentamethylene-sec-butyl. phosphoric-acid pentamethylene-t-butyl, A phosphoric-acid 
trimethylethylene methyl, phosphoric-acid trimethylethylene ethyl. A phosphoric-acid trimethylethylene-n-propyl, a 
phosphoric-acid trimethylethylene isopropyl. Phosphoric-acid trimethylethylene-n-butyl, phosphoric-acid 
^methylethylene-sec-butyl. Phosphoric-acid trimethylethylene-t-butyl, a phosphoric-acid hexamethylene methyl. 
Phosphoric-acid hexamethylene ethyl, a phosphoric-acid hexamethylene-n-propyl. A phosphoric-acid hexamethylene 
isopropyl, phosphoric-acid hexamethylene-n-butyl. Phosphoric-acid hexam ethylene-sec-butyl. phosphoric-acid 
hexamethy!ene-t-butyl. A phosphoric-acid tetramethyl ethylene methyl, phosphoric-acid tetramethyl ethylene ethyl. 
A phosphoric-acid tetramethyl ethylene-n-propyl. a phosphoric-acid tetramethyl ethylene Isopropyl, Phosphoric-acid 
tetramethyl ethylene-n-butyl. phosphoric-acid tetramethyl ethylene-sec-butyl, Phosphoric-acid tetramethyl 
ethylene-t-butyl. a phosphoric-acid heptamethylene methyl. Phosphoric-acid heptamethylene ethyl, a 
phosphoric-acid heptamethylene-n-propyl, A phosphoric-acid heptamethylene Isopropyl. phosphoric-acid 
heptamethylene-n-butyl. Phosphoric-acid heptamethylene-sec-butyl. phosphdric-acid heptamethylene-t-butyl, A 
phosphoric-acrd octamethylene methyl, phosphoric-acid octamethylene ethyl, a phosphoric-acid 
octamethylene-n-propyl. A phosphoric-acid octamethylene isopropyl. phosphoric-acid octamethylene n-butyl, 
phosphonc-acid octam ethylene-sec-butyl, phosphoric-acid octamethylene-t-butyl, etc. are mentioned. These are 
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independent, or two or more sorts can be mixed and they can be used. 

[0013] (b) Annular carbonate : as an annular carbonate, an ethylene carbonate, a propylene carbonate, a carbonic acid 
butylene, a carbonic acid isobutylene, carbonic acid trimethylene. a carbonic acid trimethylethylene, carbonic acid 
tetramethyl ethylene, dimethyl-carbonate trimettiylene, etc. are mentioned. These are independent, or two or more 
sorts can be mixed and they can be used. 

[0014] (c) Other solvents : out of using cyclic-phosphoric-acid ester (a) and an annular carbonate (b) as a mixed 
solvent, you may mix and use solvents other than cyclic-phosphoric-acid ester and an annular carbonate (c) for the 
improvement in electric conductivity of the electrolytic solution, solvent 5-15 capacity % In this case, as for the 
amount of cyclic-phosphoric-acid ester. 20 to 55 capacity % and 30 to annular carbonate 75 capacity %, and (c) 
others should just be contained. By making it such a range, electric conductivity is high and can obtain the electrolytic 
solution for lithium cells which was excellent in self-extinguishing. 

[001 5] As solvents other than cyclic-phosphoric-acid ester and an annular carbonate A dimethyl carbonate, an 
ethyl-carbonate methyl, diethyl carbonate, a carbonic acid dipropyl. A carbonic acid diisopropyl. carbonic acid 
methylpropyl, a methyl carbonate isopropyl. Chain-like carbonates, such as an ethyl-carbonate propyl and an 
ethyl-carbonate isopropyl 1, 2-dlmethoxyethane. 1, 2-diethoxy ethane, 1-ethoxy-2-methoxyethane, Chain-like ether, 
such as 1, 2-dipropoxy ethane, 1, 2-JIISO propoxy ethane, 1, and 2-dibutoxy ethane, A tetrahydrofuran, a methyl 
tetrahydrofuran. a tetrahydropyran. Cyclic ether, such as a methyl tetrahydropyran and a dioxane. methyl acetate. 
Ethyl acetate, propyl acetate, a methyl propionate, an ethyl propionate, Carboxylates, such as gamma-butyrolactone, 
beta-butyrolactone. delta-valerolactone, and gamma-valerolactone Amides, such as a dimethylformamide and a 
dimethylacetamide, a sulfurous-acid dimethyl, Sulfites, such as a sulfurous-acid diethyl, sulfurous-acid etRylene, and a 
sulfurous-acid propylene Sulfates, such as a dimethyl sulfate, a diethyl sulfate, sulfuric-acid ethylene, and a 
sulfuric-acid propylene. It is independent, or two or more sorts can be mixed and nitril, such as sulfones, such as 
sulfoxides, such as dimethyl sulfoxide .and a~ diethyl sulfoxide, a dimethyl sulfone. a. diethyl sulfone. and, a sulfolane, an 
acetonitrile. and a propionitrile, plan also be used. 1 . 2-dimethoxyethane, and a dimethyl jcarbonate are desirable also in 
these. '_...'*' ■ ' • 
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* NOTICES * 

Japan Patent Office is not responsible for any 
daoages caused by the use of this translation. 

1 , This document has been translated by computerSo the translation may not reflect the original precisely. 

2. **** shoYiS the word which can not be translated. 
3. In the drawings, any words are not translated. 



EXAMPLE 



[Example] Hereafter, an example explains this invention in detail. In addition, evaluation is based on the following 
method. 

10 minutes or more were dipped in the beaker into which the electrolytic solution went the glass fiber filter paper of 
the shape of a strip of paper with self-extinguishing evaluation of the electrolytic solution and electric conductivity 
measurement width of face of 15mm, a length [ of 300mm ], and a thickness of 0.1 9mm. Except for the superfluous 
electrolytic solution, the end of a glass fiber filter paper was gathered with a clip from the glass fiber filter paper on 
the edge of a beaker, and it hung to the perpendicular Time until it lights and carries out autolysis slaking to this soffit 
with a writer was measured. Moreover, about the electric conductivity (25 degrees C) of the electrolytic solution, it 
measured using the electric conductivity meter. 

[0017] LiPF6 of the amount which sen/es as concentration of 1.0 mols/l. at the mixed solvent which made each 
capacity % of example 1 ethylene carbonate (EC), 1. 2Tdimethoxyethane (DME), and a phosphoric-acid methyl 
ethylene (MEP) 40 capacity %. ten capacity %, and 50 capacity % Self-extinguishing and electric conductivity were ' 
measured about the electrolytic solution which dissolved: A result is shown in Table 1 . 

[0018] LiPF6 of the amount which sen/es as concentration of 1.0 mols/l. at the mixed solvent which made capacity % 

of example 2EC, and DME and MEP 60 capacity %, ten capacity %, and 30 capacity % Self-extinguishing and electric 

conductivity were measured about the electrolytic solution which dissolved. A result is shown in Table 1. 

[0019] LiPF6 of the amount which sen/es as concentration of 1.0 mols/l. at the mixed solvent which made capacity % 

of example of comparison 1EG. and DME and MEP 80 capacity %, ten capacity %, and ten capacity % Self-extinguishing 

and electric conductivity were measured about the electrolytic solution which dissolved. A result is shown in Table 1, 

[0020] the example 2 of comparison — LIPF6 of the amount which serves as concentration of 1.0 mols/I. at the mixed 

solvent which made capacity % of EC and DME 90 capacity % and ten capacity % Self^extinguishing and electric 

conductivity were measured about the electrolytic solution which dissolved. A result is shown in Table 1. 

[0021] 

[Table 1] 
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[0022] LiPFS of the amount which serves as concentration of 1.0 mols/l. at the mixed solvent which made example 
3EC, a dimethyl carbonate (DMC), and capacity % of MEP 40 capacity %. ten capacity %, and 50 capacity % 
Self-extinguishing and electric conductivity were measured about the electrolytic solution which dissolved. A result is 
shown in Table 2. 

[0023] LiPFS of the amount which sen/es as concentration of 1.0 mols/l. at the mixed solvent which made capacity % 

of example 4EC. and DMC and MEP 60 capacity %. ten capacity %, and 30 capacity % Self^extinguishing and electric 

conductivity were measured about the electrolytic solution which dissolved. A result is shown in Table 2. 

[0024] LiPF6 of the amount which sen/es as concentration of 1 .0 mols/l. at the mixed solvent which made capacity % 

of example of comparison 3EC. and DME and MEP 80 capacity %. ten capacity %. and ten capacity % Self^extinguishing 

and electric conductivity were measured about the electrolytic solution which dissolved. A result is shown in Table 2. 

[0025] the example 4 of comparison — LiPF6 of the amount which serves as concentration of 1.0 mols/l. at the mixed 

solvent which made capacity % of EC and DMC 90 capacity % and ten capacity % Self-extinguishing and electric 

conductivity were measured about the electrolytic solution which dissolved. A result is shown in Table 2. 

[0026] 

[Table 2] 
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[0027] LiPFS of the amount which serves as concentration of 1.0 mols/l. at example SEC, a propylene carbonate (PC), 
and the mixed solvent that made capacity % of MEP 40 capacity %, ten capacity %, and 50 capacity % 
Self-extinguishing and electric conductivity were measured about the. electrolytic solution which dissolved. A result is 
shown in Table 3. . - ' 

C0O283XiPF6 of the amount which serves as concentration of 1!0 mols/l. at the mixed solvent which made capacity % 
of example 6EC, and PC and MEP 60 capacity %, ten capacity %, and 30 capacity % Self-extinguishing and electric 
conductivity were measured about the electrolytic solution which dissolved. A result is shown in Table 3. 
[0029] LiPF6 of the amount which serves as concentration of 1.0 mois/l. at the mixed solvent which made capacity % 
of example of comparison SEC, and PC and MEP 80 capacity %, ten capacity %, and ten capacity X Self-extinguishing 
and electric conductivity were measured about the electrolytic solution which dissolved. A result is shown in Table 3. 
[0030] the example 6 of comparison — LiPF6 of the amount which serves as concentration of 1.0 mols/l. at the mixed 
solvent which made capacity % of EC and PC 90 capacity % and .ten capacity % Self^extinguishing and electric 
conductivity were measured about the electrolytic solution which dissolved. A result is shown in Table 3. 
[0031] 
[Table 3] 
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[0032] an example 7 — LiPF6 of the amount which serves as concentration of 1.0 mols/l. at the mixed solvent which 
made each capacity % of EC, DME, and phosphoric-acid ethyl ethylene (EEP) 40 capacity %, ten capacity %, and 50 
capacity % Self-extinguishing and electric conductivity were mteasured about the electrolytic solution which dissolved. 
A result is shown in Table 4. 

[0033] LiPEB of the amount which serves as concentration of 1.0 mols/l. at the mixed solvent which made capacity % 
of example SEC. and DME and EEP 60 capacity %, ten capacity %, and 30 capacity % Self-extinguishing and electric 
conductivity were measured about the electrolytic solution which dissolved. A result is shown in Table 4. 
[0034] LiPF6 of the amount which serves as concentration of 1.0 mols/l. at the mixed solvent which made capacity % 
of example of comparison 7EC, and DME and EEP 80 capacity %, ten capacity %. and ten capacity % Self-extinguishing 
and electric conductivity were measured about the electrolytic solution which dissolved. A result is shown in Table 4. 
[0035] 
[Table 4] 
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